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A  TIME FOR 
RAINFED AGRICULTURE
L. D. SVV1NDAIE
Eleven th  C o r o m a n d e l  L ec tu re  this y ea r  w as  d e l iv ered  b y  Dr. L .  D. Swindide,- D irector  G eneral,  
ICIU SAT. H y d e r a b a d ,  at  N ew  D i lh i  on D e c e m b e r  1(1, 1981. T h e  su bject  icn.s'A T im e f o r  R a in fed  Agri­
culture. Sir J o h n  C raw ford ,  C han ce llo r ,  Australian N ational University, p r e s id e d  ov e r  th e  junction.
T h e  annual C o ro m a n d e l  L e c tu r e  instituted b y  C o ro m a n d e l  F erti l isers  L im ited .  )>rovides a fo rum  fo r  
d ist inguished  men o f  s c ien ce  ana tetters to ex])ound on top ic s  o f  co n tem p o rary  interest, sp ec ia l ly  re­
levant to agr icu lture  an d  hu m an  welfare .  T h e  ear lier  lecturers  in this ser ies  tvere d ist inguished  nam es  
in th e  f i e ld  o f  s c ien ce  a n d  ec o n o m ic  th ou g h t , such as, Sir J o s e p h  Hutchinson  [University o f  C a m ­
bridge) ,  Dr. N orm an E. Borlaug , Dr. M. S. Swaminuthan, Dr. W . D a v id  H o p p er ,  Dr. 1. G. Patel. Dr. 
Sylvan W ittw er  to n am e n few .
T h e  increasing pressure  o f  popu la tion  on l im ited  land  resou rces  in In d ia  a n d  very particularly the  
(d.ierration o f  w ea th er  m a k es  it abso lu te ly  necessary  to g e t  t h e  m axim um  f o o d  p roduct ion  b o th  from  
irr igated  areas  a n d  those  that  d e p e n d  on rainfall. In India, ou t o f  142 million h ec ta r es  o f  land  culti­
v a t e d u ) ) p w x im a t e l y  108 million h ectares  d e p e n d s  on ra in fed  agricu lture. Such a c r e a g e  is r espons ib le  
not only fo r  40 p e r  cen t  o f  th e  f o o d  jnvduction  b u t  also nearly  SO p er  cen t  o f  ou r  cotton,  90 p e r  cen t  
o f  ou r  o i lseeds ,  m ost  o f  ou r  puh'es i f  not th e  entire pu lse  ])roduction id.so c o m es  from  this region. T h e  
co n cen tra ted  interest in this  a r ea  arises not only on ac cou n t  o f  t h e  contribution  it m a k e s  as  d e s c r ib ­
e d  a b o v e  but also  b e c a u s e  50 p er  cen t  o f  th e  jw pulation  living in this ar ea  live  in grea t  pover ty  a n d  
ih e  constant uncertainty w hich  w ea th e r  brings. T here fo re ,  a  s tudy  o f  a n d  e f fo r t  to  p ro m o te  g rea te r  
agricultural product ion  a n d  stabilisation, in ra in fed  a r ea s  a c ip u res  im p o r tan ce  in ou r  agriculture. Dr. 
Sw indide sp e a k s  with authority, born o f  many years  o f  ex p er i en c e  in d i f f e ren t  luirts o f  th e  w orld  an d  
his ex])erience with 1 C F JS A T  whif'h has co n ce n tra ted  on im p rov in g cro p s .  luisic to l ife  in th e  semi-  
arid  tro ines  such as  sorghum , p ea r l  m illet . ji igeon jiea .  c h ic k e n p e a  a n d  groundnut.
Introduction
The world is aware of India's agri­
cultural miracle. To quote a recent 
article in the New York Times ' ‘India 
once written oil as a hopeless case 
has almost tripled its food produc­
tion in the last 3ft years and now has 
a comfortable reserve lor luture bad 
vears." Dr. I. G. Patel in last years
Coromandel lecture spoke of the an­
guish of those bad vears in the late 
00\s: anguish beeau.se so many peo­
ple suffered and hungered and an­
guish at the contempt in which 
India's efforts towards self-sufficien­
cy in food were held in those un- 
happv days. Recently, an American 
writer predicted that India could
snon become the worlds number one 
producer of grain. Quite a change: 
from a basket case to a bread basket 
in a few decades. The man we 
honor today. Norman Borlaug. has 
become a symbol throughout the 
world for the potential for improve­
ment in agriculture that does exist in 
India and. indeed, in most develop­
ing nations.
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OIL R. So MURTflY 
WINS
BORLAUG AWARD 1980
Dr. H. S. Murtliy (b. December 12, 
1925), presently Director, National 
Bureau ol Soil Survey and Land Use 
Planning at Nagpur, has been .selec­
ted for the prestigious Borlaug Award 
for 1980. A devoted researcher and 
a born leader who has spent over 25 
years in the Held ol soil science re­
search and land use planning. Dr. 
Murtliy is concerned with the impor­
tant task of conducting survey of all 
soil types present in India and pre­
paring a Soil Map of India. Dr. Mur­
tliy s contributions in the area ol 
resource inventor}- is of seminal 
value lor efficient, utilisation of soils 
as a basic resource.
Dr. Murthy’s work in transfer of 
agricultural technology to dryland 
Sunning areas is well recognised and 
his investigations in remote .sensing 
lor quick and reliable assessment ol 
a variety of resources is important to 
evaluate land-u.se patterns, geomor- 
phic units in relation to soils and 
snil mapping.
Dr. Murtliy had a distinguished 
academic record and secured his 
Ph.D. from the Banaras Hindu Uni­
versity in Soil Science and Agricul­
tural Chemistry. Starting his career 
with soil survey in the Ministry of 
Irrigation and Power, he shifted to 
ihe Indian Agricultural Research In­
stitute in .1954. Dr. Murtliy had a brief 
period oi training in U.S.A. in the 
Soil Conservation Service. He has to 
his credit over 125 scientific papers. 
Me is a member of many learned sci­
entific societies. Dr. Murtliy has tra­
velled widely in U.S.A., Soviet Union, 
Europe. Canada. Airiea. South-East 
Asia and participated in international 
seminars and workshops.
Dr. M nr thy is the President-elect 
for the Agricultural Sciences Section 
ol the 69th Session of the Indian Sci­
ence Congress Association to be held 
in Mysore in January 1982,
The National Bureau of Soil Sur­
vey and Land Use Planning has been 
entrusted with the responsibility of 
preparing the Soil Map of India on 
1 :1  million scale. Dr. Murtliy has 
been coordinating this project through 
the Regional Centres, Soil Survey 
Organisation at the Centre, the 
State Soil Survev Organisations and 
the Agricultural Universities. The 
Soil Map with appropriate definitions 
of legend classified in the interna­
tional classification system will be 
ready for issue In' February 1982. 
In addition, a publication on the 
Benchmark Soils of India containing 
morphological. micromorphological, 
physico-chemical and mitieralogieal 
characteristics of about 65 Bench­
mark S'oiK’ selected on an all India
basis and their potential land use 
will be brought out.
Land use planning lortns an es- I
sential research programme activity 
of the Bureau. Districtwise soil sur­
vey reports with soil maps and land 
use plans are being regularly put out I 
by the Bureau. The country’s’ pro- \ 
duction levels are low because of the j  
per-acrc yield which is much below j 
the world average. Considering the j 
high rate of population growth, pro- i 
per land use planning has become j 
imperative in order to raise larrn pro- f 
ductivity. j
i
The Borlaug Award, instituted by I 
Coromondei Fertilisers Limited in i 
honour of Dr. Norman E. Borlaug j  
and his contribution to the advance j 
of wheat production in India and t 
elsewhere is annually awarded to j 
Indian scientists for their outstanding ] 
contribution to agriculture and re- j 
search. Dr. R. S. Murthy joins the j 
illustrious and dedicated band of ! 
those scientists who have previously { 
won tin's prestigious award and have \ 
earned international acclaim for India i 
and are presently working in far off | 
places like Nigeria, Thailand, the j 
Philippines, etc. i
T he Borlaug Award carries a hand- j
some gold medal, a cash prize of j
R.s. 10.000/- and a citation. j
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T he success that has been achiev­
ed here has been accompanied by im­
proved agricultural infrastructure 
and supply of inputs and the deve­
lopment of an adequate market struc­
ture. W e can believe that a reason­
able rate of progress will continue, 
that periodic droughts will be with­
stood and that an agricultural base 
fur the improvements of other sectors 
nf the economy now exists. The 
manner in which the country wea­
thered the 1979-80 drought describ­
ed by many as the worst drought of 
the century illustrates the solidity of 
the existing agricultural sector. In 
rny travels around the world, I  have 
on several occasions amazed people 
by informing them that India sus­
tained the worst drought of the cen­
tury in that year. They did not 
know, had not even heard. There 
was no starvation, no catastrophe, no 
massive food aid from foreign sour­
ces. The world press, finding nothing 
bad to write about, wrote nothing 
and the world stayed unaware.
This is not to say, of course, .that 
the worst drought of the century 
passed without trace. W e well know 
in this country of the many xKoblems 
that were caused— the draw down in 
food stocks, the loss of hydroelectric 
energy, the reduced utilization of in­
dustrial capacity, and severe infla­
tion. Further droughts in several 
areas of the country in 1980-81 ag­
gravated the problem and lengthen­
ed the recovery period. The pros­
pects for this years harvest seem good 
and this may complete the recovery 
and consign the 19T9-S0 drought to 
history. A brief smile of satisfaction 
can be allowed all around. India, as 
the Prime Minister has been quoted 
as having said recently at the North- 
South Summit at Caneun, is again 
poised for take-off for rapid develop­
ment and rapid reduction in poverty.
Agricultural progress must conti­
nue but at a greater rate than ever 
before. Plans to ensure that this will 
lie done are in hand and are embo­
died in the chapters of India’s Sixth 
5-year Plan. A compound growth 
rate of 5.2 per cent per  annum is pro- 
iected for agriculture for the Sixth 
Plan period, the same figure that is 
projected for growth in the economy 
as a whole. T h e  Plan reads very 
well, all the interlocking calculations 
have no doubt been done, the targets 
and projections seem to make sense, 
and the general tone is optimistic 
and confident. And yet it may not 
be enough.
FAC), in i.i recent document pre­
pared for the Seventh Ministerial 
Session of the World Food Council 
iW F C / 1981/5), estimates that world 
cereal production needs to increase 
at 4 per cent per annum to meet con­
sumption requirements, or at a grea­
ter rate if stocks are to be replenish­
ed. The National Planning Commis­
sion Projection nf 3.65 per cent 
growth in Indian cereal production 
over the Sixth Plan period is below 
the consumption requirement project­
ed by FAO. T he difference of 0.35 
per cent is significant because India 
is such an important nation in the 
world grain scene. Nonetheless, the 
Indian projection itself must be con­
sidered somewhat optimistic. At no 
time in the last 30 years has the 
growtli rate in cereal production for 
any 5*year period reached 3.65 per 
cent. Mostly it has ben below 3 per 
cent. Can India then do more? Can 
it reach its own projected targets? 
Can it exceed them? Can it reach a 
growth rate of 4.65 per cent instead of 
3.65 per cent and thus supply grain 
to other nations and contribute to the 
replenishment of world food stocks?
If this is possible at all, it is most 
likely to be in those areas where Plan 
projections equal or tire below recent 
performance trends. Table  1, modi­
fied from a table in the Sixth Plan, 
gives the figures for cereal production 
lor the 1979-SO base, the production 
target for 1984-S5— the end of the 
Plan period— the production growth 
rate necessary to achieve the target 
production, and the best growth rates 
in yields per ha achieved in any re­
cent 5-year period for the major ce­
real crops of the nation. The figures 
in the last column of the table will 
vary, of course, depending upon 
which years are chosen and how aver­
age yields are computed, but an exa­
mination of the actual yields over 
the last 10 years for which publish­
ed figures are available (1968-69 to 
1978-79) show that the trends in yield 
are accurately enough portrayed by 
the figures shown, except perhaps for 
pearl millet for which the year-to- 
year fluctuations are rather large.
The trends in yield suggest that op­
portunities do exist to increase cereal 
production above the projections of 
the Sixth Plan with sorghum and 
«>ther coarse grains: cereals grown 
mainly under rainfed conditions. Is 
this now the time, then, for rainfed 
agriculture to contribute more than 
its allotted share to the growth of 
agricultural and food production in 
this country?
11 increases above the Sixth Plan 
projections are desirable, should they 
be sought in wheat and rice rather 
than in coarse grains? Recent growth 
in yields per hectare for these two 
crops are below the substantial 
growth in their production already 
required by the Sixth Plan. Thus 
further increases in their production 
could be achieved only by increasing 
the area of land upon which they are 
grown. F or  wheat and rice this 
means increasing the area of irrigat­
ed land above the 4.7 per cent an­
nual average growth rate projected 
in the Sixth Plan which would be 
difficult and eostlv to achieve.
T ah Je  1— Production  1979-80 to  1984-85'1 a n d  grow th  ra tes  f o r  p roduct ion  
a n d  y ie ld  o f  c e r ea ls  in India
Production 
(m illion tonnes)
G rowth rates 
(per cent)
Cerea!
Base
1979/80
Taraet
1984/85
Production < 
1979-80 to I 
1984-85 |
Yields/ha 
recent 5-year 
per’od
Rice 51.24 63.00 4.2 3.4
W heat 35.64 44.00 4.3 4.1
So rghum 10.88 12.00 2.0 6.7
Pearl millet 5.28 5.80 1.9 5.7
Maize 6.23 6.80 1.8 1.5
Other cereals 6.98 7.50 1.5 2.6
Total cereals 116.25 139.10 3.65 —
“Data for production 
Table 9.6.
and production growth rates taken from Sixth  5-Year Plan,
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In contrast, the growth rates in 
vields per ha for sorghum and pearl 
millet are well above their produc­
tion growth rates projected in the 
Sixth Plan. Even if land area used 
for these crops decreased, it still 
would be relatively easy to achieve 
higher than projected rates of pro­
duction.
Rainfed Area of Land
Approximately 142 million hectares 
of land are cultivated in India every 
'.•ear. Of thi> area, about 10S million 
hectares is used in rainfed agricul­
ture. Because the possibility of bring­
ing more land into cultivation is 
small, major attention must be given 
to increasing the use of existing land.
Massive development of irrigation 
will be the main approach. The 
Sixth Plan projects irrigation to in­
crease at an average compound 
growth rate of 4.7 per cent per year, 
similar to the projected rates of 
growth for rice and wheat production. 
Bv the mid 1990’s, some 70 million 
hectares of cultivated land will be 
irrigated. The remaining 72 million 
hectares, or nearly 50 per cent of the 
cultivated land, will remain in rain­
fed agriculture.
The rainfed agricultural areas he 
mostly in the center and west of the 
country between latitudes 12 degrees 
and 28 degrees north bounded longi­
tudinally by a line running through 
Dehra Dun and Hyderabad on the 
east, and the national boundaries or 
the Western Ghats on the west. 
Nearly all the districts in tin* region 
have less than 25 per cent irrigated 
land and most have less than 10 per 
cent. Twenty of the 24 stations of 
the All India Coordinated Research 
Project on Dryland Farming, lie west 
of the line between Dehra Dun and 
Hyderabad. T h e  remaining 4 sta­
tions Ire iri the rainied rice growing 
areas of the eastern States.
The mean annual rainiall in the 
rainfed area varies from about 350 
to 1400 mm. It is seasonal and re­
ceived mostly during the southwest 
monsoon except in the southeast 
where additional rain i< received in 
the northeast monsoon in the last lew 
months of the year. Most of the re­
gion is semi-arid. but a substantial 
area in Rajasthan. Gujarat, and bet­
ween Sholapur and Ananthapur is 
arid, with rainfall of 500 mm or less 
tailing in just one or two months.
The soil-; are mostly black— Verti-
Sir J o h n  C r a w fo r d  j le f t } a n d  Dr. M. S. Sw am in athan  w h o  r e c e iv ed  
tin: Borlautr A w ard  on b e h a l f  o f  Dr. R. S. Martini. T h e  Borlaug  
Award consists o f  a  G o ld  M edal,  a Citation tz C ash  Prize o f
Rs. 10.000.
sols and associated shallower soils. 
But manv other soils also occur in 
this vast area. Red soils— Alfisols—  
predominate in the southern rainied 
regions below Hyderabad, red and 
yellow soils— Ultisols— in eastern 
India, and alluvial soils in the rain- 
fed agricultural area< of the river 
basins. The technology used in rain­
fed farming must be tailored to the 
soils to which it is applied.
Currently, the rainfed region pro­
vides onlv 42' per cent of foodgrain 
production, but almost till the coarse 
grains, pulses, a substantial amount 
of rainfed rice and wheat, and most 
of the cotton are produced there. 
Average vields are low. generally b e ­
low 800 kg/ha. It is not difficult to 
believe that these low yield* can be 
iverea-a-d by 50 to 100 per cent with 
the technologies that now exist.
Deve!oping Rainfed Areas
T h e  l e a d  co m b in a t ion —  
ini)>rored s e e d s  a n d  fertil isers
To the surprise of many an acade­
mic. the subsistence fanner on close 
acquaintance proves to be a rational 
human being experienced in making 
economic choice' and decisions, He 
is a subsistence farmer more bv cir­
cumstance than bv choice. Ofier him 
proven opportunities to significantly 
increase his income and improve the
quality ol his life and he will gladly 
accept them. But do not expect him 
to accept technological changes' that 
are not adequately tested or under­
stood. or which cannot fit his circums­
tances. The more complicated the 
technology, the less willing he will 
be to try it. The possibility o f  adopt­
ing a package ol practices piecemeal 
is likely to have considerable appeal.
The combination of improved, in­
put-responsive seeds and fertilisers is 
composed of elements with which 
most farmers now have some ac­
quaintance, is scale neutral and sim­
ple enough to try. An overwhelming 
body of evidence suggests that the 
combination succeeds in nearly all 
years in most rainied regions. Its 
adoption provides substantial finan­
cial benefits to the farmer changing 
his attitude towards intensive agri­
culture and giving him the confid­
ence to accept other improved prac­
tices.
h n j ir o v ed  s e e d s
The combination of genes for re­
duced plant height and reduced sus­
ceptibility to lodging with genes for 
responsiveness to applied nutrients 
resulted in quantum jumps in the 
vields of wheat and rice in irrigated 
agriculture. Similar approaches are 
proving .successful with maize, sor-
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ghurn and millets grown in rainfed 
condition'.;. Improved varieties and 
hybrids .significantly outyield local 
varieties in most years in most rain- 
fed areas. The cost of purchasing 
improved seeds is small for these 
craps a n d  the benefits substantial. 
T h e  ratio of benefit to additional cost 
is often in excess of 10— by all stand­
ards sufficient to ensure widespread 
adoption. Satisfactory grain quality, 
earliness and suitable levels of disease 
and pest resistance are necessary in 
combination with the high yields to 
make the improved cultivars attrac­
tive to farmers. Although year-to- 
year variability in yield is higher for 
improved cultivars than for local 
varieties, the yield gains and other 
characteristics of good cultivars are 
sufficient to persuade farmers to take 
the higher risks involved. In Maha­
rashtra State hybrids now make up 
•'35 per cent of all sorghum planted in 
in the rainy season, and improved 
varieties make up more than TO per 
cent in the post-rainy season. Aver­
age yields* in the State are 50 p e rc e n t  
higher than they were ten years ago.
In spite of the apparent benefits, 
rates of adoption of improved seeds 
of the dryland crops lag far behind 
the rate of adoption of high yielding 
varieties of irrigated wheat, although 
they are not so far behind the rates 
for high yielding varieties o f  irrigated 
rice (Table 2). Sometimes improved
cultivars are susceptible to pest at­
tack when grown near local varieties, 
or their grain quality is judged in­
ferior or they do not provide enough 
straw for forage. These are generally 
transient problems that diminish in 
im p o r tan ce  as the improved seeds 
spread. Transient, too, is the fanners 
perception that the new varieties are 
more risky in rainfed conditions. New 
varieties and hybrids now go through 
many years of tests before they are 
released for fanners' use. They per­
form better under stress than local 
varieties, and better under both  low 
and high fertility conditions also.
Perhaps the major reason for the 
slow rate of adoption is that the in­
troduction of new seeds alone does 
not represent a large enough change 
in die pattern of traditional agricul­
ture to arouse the fanner's interest. 
Small faults or problems either real 
or imagined associated with the new 
seeds dissuade him from trying them. 
Thev are simplv not  worth the trou­
b le .'
F e r t i l is e r s
Although most of the soils in the 
rainfed area of the country are low 
in fertility, particularly in nitrogen, 
phosphorus and zinc, fertilisers are 
not commonly used in rainfed agri­
culture. Districts with less than 25 
per cent irrigated land use an aver­
age nf IS  kg/ha of fertilisers (N +  
r\ 0 :.+  K ;0 )  per hectare of cropped 
area compared to 57 kg/ha in irri­
gated districts. Most of the fertili­
sers used in these unirrigated areas 
are concentrated on the small areas 
of irrigated crops such as rice and 
sugarcane, but some are used on dry­
land cash crops such as cotton, to­
bacco and groundnut, or on high 
vielding cultivars of sorghum or mil­
let. '
There is much evidence to show 
that fertiliser use is economic on the 
staple, rainfed cereals. Several hun­
dred experiments on cultivators' fields 
with sorghum, maize and pearl millet 
in rainfed areas of India have given 
average gains of 14 kg of grain per 
kg nf N and 7 kg of grain per kg of 
P / ) . Benefit to cost ratios are 2.5 
nr better. Responses to fertilisers by 
available varieties of rainy season 
sorghum and pearl millet are gene­
rally better than responses by rainy 
season  m a ize  or post-rainy season 
sorghum.
Soil type and particularly water- 
holding capacity of the soil have sig­
nificant effects on the efficiency of 
fertiliser use. Crops, grown on the 
same soil in the rainy season will usu­
ally have higher fertiliser-use efficien­
cies than crops grown in the post- 
rainy season nn rec ed in g  stored mois­
ture.
T a b le  2— A d op t io n  o f  I JY V s  f o r  im portant  f o o d  c r o p s  o f  In d ia  (1966-67 to  1977-78)°
Food crop
C ropp ing
Paddy W heat Ma ze Pearl millet So rgh um
year
Total 
cropped 
area 
(’000 has.)
H Y V  
adoption 
(per cent)
Total 
cropped 
area 
{'000  has.)
H Y V  
adoption 
(per cent)
Total 
cropped 
area 
('000  has.)
H Y V  
adoption 
(per cent)
Total 
cropped 
area 
('000 has.)
H Y V  
adoption 
(per cent)
Total 
cropped 
area 
(’000 has.)
H Y V  
adoption 
(per cenl)
1966-67 35,251 2.5 12,838 4.2 5,074 4.1 12,239 0.5 18,054 1.1
1967-68 36,437 4.9 14,998 19.7 5,583 5.1 12,808 3.3 18,423 3.3
1968-69 36,967 7.1 15,958 30.0 5,716 6.8 12,’052 6.2 18,731 3.7
1969-70 37,680 12.0 16,626 36.7 5,862 6.7 12,493 10.2 18,605 3.1
1970-71 37,592 14.9 18,241 35.5 5,852 7,9 12,913 15.9 17,374 4.6
1971-72 37,758 19.6 19,139 41.1 5,668 8.7 11,773 15.9 16,777 4.1
1972-73 36,688 22.3 19,463 52.7 5,838 8.7 11,817 21.2 15,513 5.6
1973-74 38,286 25.4 18,583 58.7 6,015 13.0 13,934 23.6 16,716 6.9
1974-75 37,889 28.4 18,010 62.3 5,863 11.2 11,285 22.4 16,189 8.1
1975-76 39,475 31.5 20,454 65.8 6,031 18.8 11,571 25.0 16,092 12.2
1976-77 38,511 34.6 20,922 69.4 6,000 17.7 10,751 21.1 15,772 15.5
1977-78b 40,002 39.0 21,203 73.3 5,700 20.5 11,035 23.8 16,273 18.7
“Table kindly 
‘’Anticipated.
supplied by T. S . Walker.
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Correct timing and placement of 
fertilisers are important for benefi­
cial results. Nitrogen is most effec­
tively used in .split applications. Com­
pound fertilisers, containing nitrogen, 
phosphorus, and sometimes other nu­
trients, when used should be  proper­
ly tailored to the needs of crop and 
soil. Farmyard manure, green ma­
nures or legumes in rotation are all 
valuable contributors of nutrients 
that can reduce to some extent the 
amounts of commercial fertilisers that 
must be otherwise used.
Although the results would suggest 
that fertiliser use alone is a satisfac­
tory lead practice, there are too  m a n y  
examples where fertilisers added, to 
local varieties did not provide signi­
ficant improvements or did not cover 
the additional cost involved. Al­
though far too few experiments have 
been carried out long enough to ob­
tain useful probabilities over time, 
the negative results are suificient to 
feed farmers' fears and deter Govern­
ment agencies from recommending 
the application of fertilisers to local 
cultivars, particularly in dryland agri­
culture. Because of this lack of in­
terest or enthusiasm, the distribution 
system for supplying fertilisers in a 
timely maimer to the villages is sel­
dom adequate and further hinders 
their adoption. Inappropriate recom­
mendations of balanced fertilisers do 
not help.
C o m bin in g  s e e d s  a n d  fertil isers
Although use of improved seeds or 
the addition of fertilisers to local va­
rieties provide added benefits in most 
years, the additional yield of 3(H) tv 
400 kg/ha is not suificient to lead to 
change. A combination of improved 
seeds and fertiliser, however, yields 
an additional 1,000 to 1,500 kg/ha or 
more, gives positive and beneficial 
yields consistently and provides the 
spark that is needed. The. added be­
nefits. often exceeding Rs. 2,000/ha, 
can significantly improve the fanner's 
income. T h e  greater yields can sig­
nificantly increase the production of 
ioodgrains in the country.
Farmers are already aware of the 
value of combining improved seeds 
and fertilisers in the rainfed areas. 
Where .adapted fertiliser-responsive 
varieties or hybrids are grown, they 
are usually fertilised (1). T here  are
20 rainfed districts in the country in 
"which sorghum is an important rainy 
season crop. In 16 districts, farmers 
fertilise more than 75 per cent of the
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improved rainfed sorghum cultivars 
they grow, in 7 they fertilise it all. 
There are 7 districts in which pearl 
millet is an important rainfed and 
rainy season crop. Farmers fertilise 
more than 75 per cent of their im­
proved. rainfed pearl millet cultivars 
in all but one of the districts.
If these fanners have already 
adopted the combined use of improv­
ed seeds and fertilisers to their be­
nefit, then many more could and 
should. But there are some deter­
rents. Although the added benefits 
are substantial, the added cost rang­
ing from about Rs. 400— 1,000 per 
heclare can be a  problem for the 
small or marginal fanner who lacks 
access to institutional credit. The 
lack of well adapted fertiliser-respon­
sive cultivars, for example, for post- 
rainy season, sorghum obviously pre­
sents the use of the combination. In ­
adequate fertiliser distribution, in­
adequate extension and inadequate 
infrastructure in general are deter­
rents' to the adoption of improved 
seeds phis fertilisers as they are to 
other improvements in agriculture.
The lead combination of improved 
seeds and fertilisers is a satisfactory 
and relatively inexpensive beginning 
strategy throughout the rainfed areas, 
but it will give only limited and er­
ratic results if it is not combined with 
other improved practices. T h e  rest 
of the package is necessary to take ac­
count of the basic climatological and 
soil characteristics in different areas 
and districts to assure stability of 
yields, ameliorate some of the effects 
of drought and increase food produc­
tion per unit of land and capital.
I m p r o v e d  m a n a g em en t  o f  soil
Effective soil management practi­
ces in the rainfed areas produce a 
suitable seedbed, ensure the proper 
placement of seed and fertilisers, con­
trol weeds, conserve soil moisture and 
minimize runoff and erosion.
Dry season primary tillage is* now 
a common practice in many rainfed 
areas. The soils are ploughed or har­
rowed in March or early April, after 
any post-rainy season crop is harvest­
ed. Because there is still some mois­
ture in the soil, the power required 
for tillage is less than it would be 
later in the season and draft animals 
are well-fed and strong. Some weeds 
will grow but these can be  removed 
in the final preparation of the seed­
bed. which is done nearer to the on­
set of the rains. Pre-monsoon show­
ers, which are nearly certain climatic 
events in most rainfed districts, will 
soften the soil for final land prepara­
tion.
Crust formation on the surface is 
a problem with many sandy-textured 
soils. The power required to break 
the crust is low but the crust reforms 
after rains, impedes seedling emer­
gence and increases runoff and ero­
sion. Incorporating organic matter 
into the soil helps to decrease the 
strength of the crust— probably by in­
creasing soil moisture near the sur­
face— but no satisfactory technology 
yet exists for dealing permanently 
with this problem.
Time oi planting is important for 
both rainy and post-rainy season 
crops. Planting as early as the rains 
will permit is now firrnlv recommend­
ed. It  makes the best use of avail­
able water, avoids certain pest and 
disease problems and ensures good 
yields in most years. For soils that 
have low capacities to store moisture, 
very early planting may not be  the 
wisest course because of the erratic 
early season rains. Planting two 
weeks after the onset of the rains 
gives generally better and safer yields 
for these soils. Probabilities based 
on climatological evidence can now 
be used to predict optimum planting 
dates for various crops on different 
soils.
Accurate placement of seed and 
fertilisers ensures high seedling den­
sities, vigorously early growth and 
resistance to drought, but is seldom 
attained in traditional agriculture. 
Practicable and economic new tech­
nologies to ensure accurate place­
ment in rainfed conditions with bul­
lock-drawn equipment have yet to be 
developed. Great gains can be made 
here from increased research.
Timely weed control measures are 
important to conserve moisture under 
fallow and to avoid competition to 
the standing crop. Poor weed con­
trol can reduce yields by 50 per cent 
or more. The use of herbicides is un­
economic or uncommon except on 
some cash crops, and weeding is done 
manually or by using animal-drawn 
implements. W eeding is a major 
source of employment for landless 
labour.
I m p r o v e d  m a n a g em en t  o f  rainfall
In the rainfed areas of India, there 
is no normal rainfall year. Erratic
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rainfall Falling on soils with poor in­
filtration characteristics causes many 
difficulties and problems. Tlie use 
of straw mulches ur deep ploughing 
an? proven techniques for improving 
infiltration and available soil water. 
!mt are not practicable in present- 
day Indian condition* where nearly 
all crop residues are removed from 
the land and bullock power is gene­
rally inadequate to allow deep til­
lage. T he solution is to use the small 
watershed as the basic farming unit, 
making use of its natural topography 
and drainage patterns.
Contour farming nr the use of 
ridges' or broadbeds arid furrows with­
in the watershed greatly improved 
rainfall management and water avail- 
ahilitv to crops where the kmd has 
gentle slopes. Bench terracing' is 
needed where slopes are greater.
Land treatment can be carried out 
by the farmer himself in gently slop­
ing land at very little cost. Land 
smoothing can he accomplished with 
traditional equipment, and bullock - 
drawn equipment and implements 
are now available to make the grad­
ed ridges or beds and furrows. Con­
tour bunding appears to be no lon­
ger recommended. Bench terracing 
and the construction of conservation 
.structures and community drains will 
all require active Government coope­
ration. Many of the benefits from 
these measures accrue to the com ­
munity -as a whole, and those that are 
captured by the farmer himself are 
usually of a long-term nature. I t  is 
appropriate in these circumstances 
for Government to provide substan­
tial financial support arid incentives 
for these measures.
Dry seeding before the onset of the 
rains is a means to increase water- 
use efficiency on soils with good 
water-holding capacities. It is not a 
difficult practice for fanners to un­
derstand and adopt, but it has not 
been proved successful with all crops. 
T he utilization of deep rooted plants 
that harvest the water in the lower 
horizons of the soil increase the effi­
ciency of water use.
F w p e r  c h o i c e  o f  c r o p p in g  fuji-ternx
The best crops and cultivars to use 
in any particular district depend upon 
climate. soib and agricultural and so- 
c :n-economic traditions. Consider­
able eiforts by the All India Coordi­
nated Research* Project for D rybnd 
Agriculture have now determined the
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most appropriate crops for most of 
the rainied regions of India.
Intercropping and sequential crop­
ping are common enough practices 
now in rainfed agriculture. They in­
crease the efficiency in use of natural 
and capital resources, and return two 
incomes a year from the farm instead 
oS one.
Intercropping has traditionally 
been the .small farmers' means of re­
ducing risk and extending the crop­
ping season. Research has confirm­
ed the wisdom of the farm ers prac­
tice— even though not all farmers' 
combinations are scientifically sound 
— and intercropping combined with 
improved seeds, fertilisers and im­
proved soil management is a highly 
profitable and stable means of in­
creasing crop yields and cropping in­
tensity "in rainfed agriculture. Many 
of the rainfed black soils traditional­
ly cropped only in the post-rainv sea­
son can produce two crops a year 
without difficulty. Intercropping is 
one way to bring about this major 
increase in production.
Double cropping, that is. the grow­
ing of two sole crops in sequence, is 
an alternative to intercropping fa­
voured by the' largest farmer or by 
farmers with some access to irrigation. 
Input-responsive cultivars are gene­
rally earlier maturing than local va­
rieties and increase the possibilities 
for double cropping.
On Alfisols and sandy alluvial soils, 
which do not store enough moisture 
to allow production of two crops a 
year, multiple cropping can at least 
allow the season to be extended. Re- 
lav cropping may be possible where 
verv short season crops such as early 
millets, murig bean or cowpea are 
grown. In tercropp in g with long 
season hardy crops such as castor or 
pigeonpea ensures the use of residual 
soil moisture and provides some addi­
tional yield.
S u pp lem en ta l  l i fe-saving irrigation
Dry periods within the normal 
rainy season are typical of many 
rnons'oonal climates even when nor­
mal or above normal seasonal rain­
fall occurs.  T he result is usually a 
reduction in crop yield especially on 
soils winch have relatively low water- 
holding capacities. Having water 
available for supplemental irrigation 
is an important means of reducing 
risk ar-d ip'oroving production in rain­
fed agriculture.
Many of the fanners in rainfed 
areas have access to water from wells, 
streams an d  tanks. One survey has 
estimated that 50 per cent of the far­
mers have some source of minor irri­
gation and that with the water avail­
able they can irrigate about 4 per 
cent of their land. T he amount seems 
small, but it probably can be used 
more efficiently for lite-suving irriga­
tion on fertilised, high-yielding up­
land crops than -ni -small areas of 
rice. In a much-quoted example 
from 1CRISAT one 5 cm irrigation 
strategically applied during a dry 
spell on red Alfi-ol nearly doubled 
the yield of sorghum and maize. At 
product prices prevailing at the time 
o! harv est, gross values were increas­
ed by Rs. .'3.120 per hectare ior maize 
and Rs. '2,7S0 for sorghum. Our 
chairman. Sir John Crawford, in the 
iourfh Coromandel Lecture estimat­
ed that water will add about 500 kg/ 
ha to the yield of grain crops.
During the post-rainy season, sup­
plemental irrigation can substantially 
boo:-t crop yields because residual 
soil moisture is seldom sufficient to 
prevent drought stress at important 
physiological stages of growth. T he 
appropriate time for this irrigation 
must be chosen with care to make 
the best use of the water applied. For 
chickpea, a typical post-rainy season 
coop, irrigation before sowing is high­
ly beneficial in ensuring good stand 
density and a profitable crop. F or  
grain sorghum, the most important 
times for supplemental water are pa­
nicle emergence and flowering.
Significant opportunities exist for 
water harvesting in the rainfed areas. 
Runoff from heavy rains occur in all 
but the driest years providing oppor­
tunities for writer harvesting. So far. 
successful, profitable examples are few 
and specific to location. A more con­
certed research effort is required 
before water harvesting in rainfed 
areas can be considered more than a 
promise.
Ben e fit s  a n d  costs in s tep -w ise  
adop t ion  o f  technologies'
At 1CRISAT over the last 5 years 
data have been obtained on the be­
nefits and costs of step-wise adoption 
of improved technology on a deep 
Yertisol. typical of soils that occur 
in the center of the rainfed region, 
and an Alfisol. typical of soils that 
occur in the south. The rainfall at 
IC R ISA T — about 800 nun annually—  
is in the middle of the range for the
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T a b le  3— A v era g e  gross returns, inputs a n d  gross' p ro f i t s  f r o m . im p r o v e d  t e ch n o lo g y  f o r  t h e  p e r i o d  1976-79 <m a
d e e p  b la c k  soil \Veiiisol) a t  ICR1SA T
Treatment
no.
Seed
D escrip tion  of treatment
Fertiliser Managem ent Irrigation
Ave rage
G r o s s  returns 
(Rs/ha)
Inpu ts (Rs/ha) G ro s s  profit (Rs/ha)
1. Local Local Local N o 1,716 1,230 486
2. Local Local Improved No 2,147 1,116 1,031
3. Local Improved Local No 2.385 1,576 809
4. Local improved Improved No 3,003 1,491 1,512
5. Local Improved Improved Yes 3,374 1,745 1,629
6. Improved Local Local No 2,610 1,273 1,337
7. Improved Local Improved No 3,069 1,225 1,844
a. improved Improved Local No 3,891 1,672 2,219
9. improved Improved Improved No 4,802 1,557 3,245
10. Improved Improved Improved Y e s 5,623 1,811 3,812
rainfed areas. The examples, there­
fore, may have relevance in a fairly 
•.vide area, but evidence suggests that 
they will not apply to those black 
soil areas where, because of paucity 
of total rainfall or shallowness of soil, 
no more than one crop per year is 
feasible.
The data are given in Tables 3 and 
-S. expressed in rupees per hectare 
instead of yields, because various 
crop combinations were tried over 
the period of the experiments. The 
results are averages for five separate 
experiments over a 4-year period.
On the Vortisol, additional gross 
returns of Rs. 894 were obtained from 
the use of improved seeds alone 
(Table 3i. The average additional 
cost of the seeds was only Rs. 43 per 
hectare giving a benefit to additional 
cost ratio of 20.S. Fertilisers alone, 
without improved seeds, gave an add­
ed value of Rs. 669 for an extra cost
of Rs. 346. T he benefit to cost ratio 
of 1.9 would not be sufficient by it­
self to. induce farmers to accept fer­
tilisers. Furthermore, in some years 
the returns to fertilisers alone were 
not sufficient to cover the costs in­
volved.
The combination of improved 
seeds and fertilisers resulted in a very 
substantial increase in gross returns 
of Rs. 2,175 per hectare more than 
double the gross profit obtained us­
ing Uaditional practices. T he cos' 
of fertiliser and seed was Rs. 440 
giving a benefit to cost ratio of 4.9. 
The profit from the combination of 
improved seed and fertilisers was 
more than the cost in all five experi­
ments.
Combing improved seeds and ferti­
lisers with improved management, in 
this case the use of raised beds and 
furrows, more careful placement of 
seed and fertiliser and more intensive
weeding, that is, a full package of 
improved practices, increased gross 
returns by Rs. 3,086. "Average add­
ed costs were Rs. 327 for a benefit 
cost ratio of 9.4. The use of supple­
mentary water increased profits by an 
additional Rs. 570 equivalent to 
about 5 quintals per hectare of in­
creased yield, confirming the figure 
given earlier by Sir John.
In the similar set of experiments 
conducted on the Alfisols, average 
gross returns rose from Rs. 1,403 per 
hectare under simulated traditional 
practices to Rs. 3.823 using improv­
ed .seed, fertiliser and management 
(Table 4\ Average gross profits rose 
from Rs. 424 to Rs. 2,625. Improved 
seeds alone gave a benefit to cost 
ratio of 10.7. improved fertiliser gave 
2.38 and improved seeds plus fertili­
ser 3.9. For the package of practices 
without supplementary irrigation, the 
benefit io cost ratio was 11.0. For
T a b le  4— A verage  gross returns, inputs a n d  gross  p ro fits  f ro m  im p r o v ed  t e ch n o lo g y  fo r  t h e  p e r i o d  1976-79 on a
r ed  soil (A lfiso l) at  1CRISAT
D escrip tion  of treatment Average
Seed Fertiliser Managem ent j
i
Irrigation G ro s s  returns 
(Rs/ha)
Inputs (Rs/ha) G ro s s  profit (Rs/ha)
1. Local Loca l Local No 1,403 973 424
2. Local Local Improved No 1,919 968 951
3. Local Im proved Local No 1,872 1,176 696
4. Local Improved improved No 2,853 1,149 1,704
5. Local Improved Improved Yes 2,977 1,371 1,606
G. Improved Local Local No 1,887 1,024 863
7. Im proved Local Improved No 2,277 1,011 1,266
8. Improved Improved Local No 2,295 1.2Q6 1,089
9. Improved Improved Improved No 3,823 1,198 2,625
10. Im proved Im proved Improved Y e s 3,676 1,395 2,281
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this soil irrigation did nut increase 
the profits obtained.
A d op t in g  fu l l  p a c h a a c  o f  practict's-
The stepwise or piecemeal adop­
tion nf a package of practices com­
mencing with a combination of im­
proved seeds and fertilisers will en­
able the spread of modern agricul­
ture and higher production through­
out the rainfed areas. W here the 
lead practices are already in use., or 
in well-favoured locations, it is pos­
sible lo consider adopting a full pac­
kage of proven practices. Although 
the total eliort required to convince 
the farmer to use such a package is 
greater, the benefit;; are correspond­
ingly larger.
One technology that appears to be 
ready for adoption on a wider scale
i.s the rainy season use of millions of 
hectares ol deep Vertisols that cur­
rently are fanned only in the post- 
rainy season (2'. A technology deve­
loped at IC RISA T and tested on the 
research station at an operational 
scale over the last seven years ha- 
been moved this year into pilot-scale 
te-ting in farmers' fields. The tech­
nology i.s bullock-powered and based 
upon the concent of the small water­
shed as the basic resource manage­
ment unit. It  appears well-suited to 
the deep Vertisols with annual aver­
age rainfall between 750 and 1200 
nun, that is. to vast areas of soils in 
the States of Madhya Pradesh, Maha­
rashtra. Andhra Pradesh and Karna­
taka. Cooperative and independent 
research bv ICAR and University 
scientists give results that agree in 
many respects with those achieved at 
ICRISAT. The possibility .of utiliz­
ing this technology in whole or in 
part appears to be recognized in the 
Sixth 5-Year Plan which refers (pa­
ragraph 9.30. page 103s to increas­
ing agricultural production in rainfed 
lands on a watershed basis in areas 
with annual average rainfall between 
750 and 1125 mm.
For on-farm verification of the 
technology, we have been working 
with farmers in the village of Tad- 
danpalle. -10 km north of IC RISA T 
in Medak District. It has the right 
soils, slopes, and rainfall. The far­
mers after some initial hesitation 
greed to cooperate with us even 
thomih it meant substantial changes 
in their mariner of fanning and some 
changes in other aspects of their lives. 
The fanners are very poor in this vil­
lage. but they agreed to pay virtually
all the costs and do virtually all the 
work that was needed to test the tech­
nology. W here they needed finan­
cial help, the State Department of 
Agriculture assisted them in finding 
it. either through the banks or 
through existing Government chan­
nels. The research agencies— I C R I ­
SAT, ICAR, and APAU— agreed only 
to provide advice and some services, 
and IC R ISA T  agreed to compensate 
the farmers up to the normal level of 
their traditional yields if the experi­
ment proved to lie a failure.
In February of this year, after the 
traditional crop had been harvested. 
IC RISA T and State engineers sur­
veyed the land and planned the 
watershed, leaving in place the pro­
perty boundaries. T he farmers did 
the land smoothing work with their 
own animals and equipment, but 
used the IC R ISA T  tool carrier behind 
their bullocks for most operations. 
T he animals were rather weak, and 
because the traditional crop was har­
vested late, the soils were already 
Unite hard. It  did not take long for 
the farmers to get used to the equip­
ment. but the beds and furrows were 
not well made— but no worse than 
the first ones we put in at IC R ISA T  
in 1973.
Although the farmers were willing 
to install drainage ways on their own 
land they were not willing to work 
collectively to install the necessary 
community drains to connect the 
watershed to the existing main drain 
system. In consequence, in the very- 
heavy rains in the early part of the 
vear. the watershed did not work 
properly and the lower parts of some 
fields were Hooded. W hen the far­
mers saw this and saw how this did 
not happen at IC RISA T. we were 
able to persuade them to undertake 
the cPHis'truction of the community 
drains. The State Department of Ag­
riculture. through its existing soil 
conservation programme. paid for 
their labour to put the drains in 
place. Since then, in a year where 
the rainfall has been 70 per cent 
above normal, there have been no 
further problems of waterlogging or 
drainage.
IC R ISA T and the other research 
agencies recommended what crops 
would be best, but the farmers made 
their own choices. In consequence, 
on this 15 hectare watershed with 1-1 
farmers we have eight dilferent crop 
combinations. With one exception, 
the crops have done well and far ex­
ceed anything else lor miles around. 
Not surprisingly, there have been 
some problems. The farmers are not 
used to obtaining such high yields. 
Threshing and storage are new prob­
lems for them, accentuated in this 
very wet year because it has not been 
possible to dry the grain on the head 
in the field.
Average yields on the 23 separate 
fields— some farmers divided their 
fields to try dilferent crop combina­
tions— have been 2,000 kg/ha for 
'orghum grain. 7.576' kg/ha for sor­
ghum dry fodder, l,7o7 kg/ha for 
maize grain, 3.56.1 kg/ha for maize 
dry fodder and -190 kg/ha for rnung 
bean. Much of the crop will be sold 
this vear but some will be consum­
ed within the village. Based on mar­
ket prices, farmers have already 
covered their direct costs including 
the cost of land smoothing and shap- 
ping and have made a profit. And 
they still have the post-rainy season 
crop to come. Most" of the adjoining 
farmers, having fallowed their land in 
accordance with traditional practice, 
have as yet reaped neither food nor 
income.
T h e  stability  question
The erratic nature of rainfall al­
ways makes rainfed fanning a risky 
business. T h e  farmer is well aware 
of this, indeed he seems preoccupied 
by it. He tends to plan for the bad 
year.
There is ample evidence to show 
that the increased yields that come 
with the use nf improved seeds are 
accompanied by increased fluctua­
tion* around the mean. Although the 
absolute variability is thus increased, 
the relative variability i.s reduced be­
cause of the higher average yields 
obbined . This increased variability 
— of instability— certainly worries the 
economist. Does it wnrrv the far­
mer. and il so. what should he do 
about it?
No doubt the farmer is concerned 
about risk. His is a verv risky life, 
but we know that he does not shun 
risk. We find that he is moderately 
but not strongly averse to risk: he is 
willing to accept the risk involved 
with improved seeds if their yield 
potential is high and they otherwise 
meet his needs. Increased variabili­
ty or instability will not concern him 
too much if he continues to make a 
profit. A concern for complete crop 
failure will restrain him from invest­
ing in modern agriculture.
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Multiple cropping and particularly 
intercropping increases stability as 
shown in one recent study by 
IC RISA T. It  was Innnd that crop 
failure with pigeonpea may occur I 
year in 5, in sorghum 1 year in 8, but 
with the intercrop of sorghum and 
pigeonpea only 1 year in 36. It  is 
true. Irom a mathematical point ol 
view, that the combination of the in­
tercrop is less stable than it should 
be, but this should not w'orry the far­
mer. His productive agricultural lile 
is unlikely to extend to the -10 years 
needed to test the .stability of inter­
cropping.
Instability is also reduced by using 
crdtivars that are resistant to pests 
and diseases and by using more uni­
form planting dates district by dis­
trict. As has already been mention­
ed. the farmer often may have access 
to a small supply of supplemental 
irrigation which il used judiciously 
can prevent significant reductions' in 
yield.
From vears of experience, the far­
mer understands how to cope with 
drought in all but the worst yen's. 
His ability to handle the situation de­
pends upon the nature and size oi 
his farm, the production systems he 
uses and the alternatives available. 
Small farmers adjust more rapidly 
than large ones. A mechanized farm 
can install drought-adapting practi­
ces more rapidly than a non-mecha- 
nized one. a sole commodity larm is 
less adaptable than one with mixed 
commodities. In the inlrequent 
vears of very -evere drought. Gov­
ernment intervention is essential. 
Left to himself ,at those times, the far­
mer may need to dispose of his pro­
ductive assets, to migrate in search 
of work, even to sell his land. He 
and his familv nniv never recover 
from such drastic 4eps. A minimum 
programme of crop insurance in rain­
fed farmin'! will serve not only to 
take care of these problems but act 
as a substantial incentive to raise 
production in general. There is no 
doubt that the farmer in ranged agri­
culture in India under-invests because 
of uncertainty and risk. Guarantee 
him a certain minimum and his con­
servative economic stance will change.
hi))iit.s' a n d  institutions
The technology needed to develop 
the rain'ed regions must be support­
ed by adequate and timelv supply of 
improved seeds. appropriate fertili­
sers arid agricultural chemicals and
the provision of technical and insti­
tutional services.
To establish the lead combination 
ol improved seeds and fertilisers 
throughout the rainfed area, there 
must be a supply of improved input- 
responsive seeds of an array of crops. 
Almost all the animal crops of India 
are grown in this vast area, and far­
mers often need to change the crops 
they grow lor a variety of reasons. 
Opportunities to choose must be 
available. T he strong agricultural 
research network that India has built 
can service this need.
New market facilities and strate­
gies will be needed to cope with in­
creased local supplies of crops. Stor­
age facilities will be needed both on- 
farm and in local market towns to 
prevent storage losses and to help 
ensure that what is supplied through 
the market network is in reasonable 
balance with demand.
With the necessary institutional 
services in place— as indeed they are 
in most of the rainied districts— and 
seed and fertiliser supplies assured, 
the lead combination can be spread 
by an expanded and well-organized 
programme of extension demonstra­
tions. Achieving the adoption of a 
full pockage of practices is more diffi­
cult. It  requires the organization of 
village-level operational research and 
pilot projects.
The key to the success ol such pro­
jects is the human factor: the interest 
and involvement of the larmers and 
the constant and dedicated attention 
of trained, motivated and resource­
ful field extension S u i l f  backed up bv 
production and management special­
ists who are available when called. 
The Union Minister of Agriculture 
and Rural Reconstruction in his in­
augural address at the 7 5 th Anniver­
sary Celebrations ol TART suggested 
creating a management infrastructure 
in which the State would become a 
partner with the millions of small and 
marginal farmers in the management 
of a modern agriculture wholly own­
ed by the farmers themselves. Pub­
lic servants oriented towards ioint 
management with farmers could en­
sure success not only of the pilot om- 
l’ects but also of the subsequent ope­
rational projects throughout the land. 
W ithout such support, a programme 
of development of rainfed agricul­
ture could become a ‘‘shell without 
substance”, the term used bv Sudhir 
Sen (-V to describe the Community
Development Programme m its fatter 
days.
Achieving 4 per cent Growth in 
Cereal Production
T he Sixth 5-Year PI an projects an 
average annual growth in cereal grain 
production of 3.65 per cent over the 
Plan period. FA Q  has called for 4 
per cent. I have tried to show' that 
increased production of grain can be 
obtained by developing rainfed agri­
culture. It is interesting to consider 
whether and how the additional pro­
duction could be achieved from the 
rainfed areas, that is. to raise the 
Sixth Plan cereal grain production 
target by 2.3 million tonnes over the 
5-year period.
The easiest way would be to en­
able— or simply to .allow— sorghum 
production to continue to increase at 
or near the average rate, 6.3 per cent, 
that it has increased over the most 
recent S-vear period for which data 
is available— 1969-70 to 1077-78. This 
would more than fulfil the require­
ment. An annual average growth 
rate for sorghum production of only 
5.6 per cent would provide the add­
ed 2.3 million tonnes required. There 
seems no reason to think that this 
could not he achieved, particularly 
because the Sixth Plan emphasizes 
increased production from rainfed 
agriculture.
Other crops besides sorghum are, 
ol course, necessary; the emphasis 
on sorghum is to some extent sym­
bolic. Pear] millet production could 
certainly be increased now that new 
downv-mildew resistant hybrids are 
available. More pulses, oilseeds and 
fibre crops could also be produced.
For maize and rainied rice the si­
tuation is different. Suitable techno­
logies acceptable to the farmer do 
not yet seeiii to have been evolved for 
these crops in the areas where they 
are mostly grown. A substantial ef­
fort in agricultural research and ex­
tension. and improvements in infra­
structure are still required to raise 
growth rates of production for these 
crons. Efforts are needed in eastern 
India and the hilly and trib il areas. 
Efforts would he rewarding, there­
fore, for important social reasons.
T he additional requirements for in­
puts to obtain the increased produc­
tion appear quite modest. Using as 
a basis for calculation the results of 
the national agronomic demons tra-
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lions in recent years, I have calcu­
lated that an increase in sorghum of 
2.3 million tonnes by the end ol the 
l ’lan period would add only about 
1.5 per cent to the Plan targets lor 
certified seed and for nitrogen, phos­
phorus and potassium fertilisers. No 
doubt the Plan proposals for increa­
ses in these inputs are already consi­
dered highly optimistic or ambitious 
fit some quarters, but the totals I am 
talking about, that is, adding about
8.000 tonnes of certified seed and
130.000 tonnes of additional plant 
nutrients, do not seem to me to place 
an insuperable extra burden upon the 
industries concerned. Surely Coro­
mandel Fertilizers Ltd. would appre­
ciate a chance to help meet the chal­
lenge-
T he Government has recently a c­
knowledged shortfalls in the supply 
of certified seeds. But the seed rates 
for sorghum, the millets and maize 
are so low— about one-tenth the seed 
rates for irrigated wheat and rice-r- 
fhat problems of seed supply could 
surely be minimized.
Supply of course is not enough. 
Distribution and technical services 
are both essential components ol 
such a programme. T he Govern­
ment has already given a lead by in­
sisting that fertiliser distribution to 
at least every block headquarters in 
the country should be accomplished 
by the end of this Plan period. The 
Fertiliser Industry although raising 
some caveats has atireed to try. I 
hope it will b e  possible to go further; 
to bring inputs to every village, at 
least in that rainfed region with rain­
fall between 750 and 1200 mm where 
the greatest potential for increased 
production exists.
Improvements in technical services 
are already in hand. T he country 
has embarked upon a determined 
effort to increase the efficiency and 
availability of agricultural extension 
services throughout the country. My 
impression is that it is succeeding 
but that it has a Ions; wav to go. 
IC R ISA T  has been undertaking so­
cio-economic studies in I I  villages, 7 
of them within the most suitable area 
for increases in rainfed farming. None 
of those villages appear to be receiv­
ing regular attention from the exten­
sion services. The farmers have 
been only vaguelv aware of the real 
potential of improved technology. W e 
have since introduced improved tech­
nology into -( of those villages, arid
the farmers have been most interest­
ed and responsive.
Private industry too must do its 
share. The rewards appear substan­
tial. In a recent publication, one fer­
tiliser company described its own ex­
periences in participating in a pro­
duction campaign in rainfed areas in 
Maharashtra. Over a 3-year period 
fertiliser consumption was increased 
at a compound animal growth rate 
of 34 per cent and the company in­
creased its own sales at a compound 
animal growth rate ol GO per cent.
1 am sure that supply rather than 
demand will limit the continuance 
of growth rates of this magnitude.
The research and demonstration 
efforts that have been made in recent 
years in the rainfed areas have identi­
fied a few items that are needed in 
addition to the normal technical and 
institutional services for agriculture. 
Improved land management increases 
the demand for bullock power com­
pared with present utilization pat­
terns. Small farmers in particular 
find the lack of bullocks to be a ma­
jor constraint. If the banks present­
ly do not provide loans for the pur­
chase or custom-hiring of animals, 
policies may be required to enable 
this to be done.
To  effect the improved drainage 
that is needed during periods ol heavy 
rainfall requires the provision of com­
munity drains, that is, drains that 
serve several farmers or several vil­
lages. Tlu: farmers themselves quite 
naturally are unwilling to bear the 
cost of these community works, al­
though they may be willing to pro­
vide the necessary labour. State Soil 
Conservation programmes are able 
presently to provide only part of the 
funds and services required. Other 
major rural development program­
mes, such as the Food for Work and 
National Rural Employment Pro­
grammes presumably could be  utiliz­
ed. At the present, these appear to 
be mostly oriented towards the 
drought prone areas, but greater co­
verage throughout die rainfed region 
of the country would seem necessary 
and beneficial.
Improved technology, at least as 
we see it from IC RISA T, requires 
some improvement in farm imple­
ments. W heeled tool carriers, if 
heavy enough, improve seed and fer­
tiliser placement and by reducing the 
bullock-power and manpower need­
ed for each operation, increase the
number and timeliness ol the opera­
tions that can be performed. ’Ihe  
tool carriers and implements that per­
forin best are costly— at about one- 
tenth of the price of a tractor— and 
are out of the reach ol individual 
small farmers. Entrepreneurs who 
would custom-hire the tool carrier 
may need to be encouraged by ap­
propriate policies. One possibility 
would lie the extension of the educat­
ed unemployment scheme to include 
the financing of wheeled tool carriers.
I have not tried to calculate tlu; 
additional outlays of public funds 
that would be needed to promote in­
creased production in the rainfed 
areas. My impression is that the 
amounts would be modest, probably 
of a similar order of magnitude to 
what I have shown lor increased in­
puts. Perhaps these are already in 
train in accordance with the Sixth 
Plan's emphasis upon rainled agricul­
ture. Actually the planned growth 
rates for rainfed cereals that are 
shown in the Sixth Plan and Table 1 
do not seem to agree with the stated 
emphasis. T h e  higher figures that I 
have proposed would, I suggest, bring 
anticipated achievements more in line 
with the statement and with the ma­
jor Plan objectives of increasing 
growth through more efficient use <tl 
resources and improved productivity, 
in reducing poverty and unemploy­
ment, in reducing regional inequali­
ties in the rate of development and 
in protecting and improving the na­
tion’s ecological and environmental 
assets.
Concluding Statements
T he rainfed area is the home of 
millions of people. Their per capita 
income is low. Most of them are 
disadvantaged and backward by 
every measure and criterion. Their 
basic needs are inadequately met.
An increase in rainfed farming of 
the magnitude that is suggested hero 
will add many crores ol rupees to 
total income but the increase in per 
capita income would be small. For 
the rural areas in which the income 
increases would actually occur, how­
ever, they would mean a lot. For ex­
ample in the Akola district of M aha­
rashtra. our research over the last ft 
years shows that use of the lead prac­
tices of improved seeds and fertili­
sers throughout the district would 
double gross returns and. after allow­
ing for normal costs including more
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labour or increased returns to labour, 
would provide a net iucrease in per 
capita income to small and medium 
farmers' and their families ol about 25 
per cent.
W hat would the rural people do 
with such an increase? Strangely 
enough, there is little research intor- 
ination available to answer this ques­
tion. There are numerous studies on 
the inverse of this question. “What 
do they' do in times of drought?' but 
next to nothing on what they will 
do in good times.
W hat evidence is available from 
expenditure and price elasticities i-b 
suggests that they would consume' 
more food: more calories and more 
protein, more sugar and less starch, 
more protective foods such us milk, 
vegetables and fruits. II they could 
obtain more fuel they 'would have 
more cooked tneals and fewer intesti­
nal parasites. No doubt they would 
put more into important social obliga­
tions. II their incomes increased 
sufficiently they would buy more ra­
dios— thereby increasing their access 
to technological information— and bi­
cycles— thereby increasing their ac­
cess to the market. They might elect 
to keep their children in school for 
one more year or improve their homes 
and household sanitation. Surely ru­
ral people can hope for— even ex­
pect— such modest improvements in 
the quality of their lives.
I have left to last a consideration 
of the utilization of the increased 
crop production that would come 
from a push to develop rainfed agri­
culture. There is no need to dwell 
on what would happen to the increas­
ed production oF pulses and oilseeds, 
nor do I think that any case needs 
to be made for the increased produc­
tion of industrial crops. This leaves 
us then with only the cereals to wor- 
rv about. Is there a problem? I 
think not. While the whole empha­
sis of this lecture and indeed of Gov­
ernment's plans in agriculture relate 
to the all important concern to en­
sure food supplies for the people, it 
is obvious that the feed grain indus­
try in this country is growing at a 
hnter rate than the food grain indus­
try. There is potential there to ab­
sorb additional production.
India’s involvement in the interna­
tional grain trade over the last two 
decades has mostly been on the re­
ceiving end, This, too, is changing.
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Over the last two years or so. there 
have been exports of grain. The Mi­
nister of Agriculture and Rural Re­
construction in the .speech referred to 
earlier has suggested that this coun­
try could export 5 million ions of 
loodgrains in the next lew years on a 
continuing basis. The Sixth Plan re- 
relers only to the export o! rice, but 
there is no reason not to include other 
food— and feed— grains.
Finally, if the farmer cannot find 
anything else to do with the grain he 
produces, he a?id his family can al­
ways eat it. The rur.d people of 
this country have nutritional defici­
encies, the most important in calo­
ries. They simply do not get enough 
to eat. Our studies on the disaggre­
gation of risk in rainied agriculture 
show that the larmcr laces greater in­
stabilities in yield than in price. The 
subsistence farmer and his family 
must still worry most about their abi­
lity to subsist. They must 'ornehow 
get beyond this stage if they are lr> 
contribute to development.
The successful agricultural experi­
ence of recent years has taught us 
that agriculture is a potent instru­
ment for rapid economic growth <51. 
W hat now needs to be realized is that 
the rainfed areas are not just prob­
lem areas requiring famine relief and 
protection, but can be major contri­
butors to growth, and to increasing 
employment and to the rapid reduc­
tion of rural poverty.
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CO RRECT IO N S
In November 1981 issue of Ferti­
liser News in the article “ Vibration 
Measurement —  Case Histories" by 
Shri R. K. Dixit and Shri R. D. 
Goyal on page 29 in second column 
lines 7 to 10 please read : 
(Displacement.) peak -•••- A 0 (2)
Velocity peak — jp e a k - - A 0 ;-.2^ f
(3)
instead of
(Displacement) peak == y
peak — A„ (2)
Peak -  jP e a k  =  2A0 ~  7. f  (3)
In D ecember 1981 issue of F ert i­
liser N ew s  in article “Fate of Fertili­
ser Nitrogen in Soil-Plant System—  
Quantitative Approach Using K,N 
as Tracer" bv Dr. B. V. Subbiah and 
Dr. M. S, Sachdev on page 31 in 
third column please read F .N .D .F.F . 
_  %  1;’N excess in plant
%  1:,N excess in applied labelled 
fertiliser
instead of F .N .D .F .F
ir‘N abundance in plant___
ir’N abundance in applied 
labelled
The errors are regretted.
— Editor
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